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Abstract 
Due to planarian regeneration capacity, researchers have made efforts in studying its gene regulation, cell and tissue responses. 
Despite such advances, many aspects of planarian biology and histology, especially for Girardia tigrina species, remain 
unknown. Thus, in this study, we aimed at analyzing the potencial of G. tigrina as a biological model for ecotoxicological 
research by firstly characterizing the morphology and histology of healthy individuals and then evaluating the sublethal effects 
of Malathion, a widely used insecticide in Brazil. We exposed individuals of G. tigrina to two sublethal concentrations of 
Malathion (0.08 mg L-1 and 0.8 mg L-1) insecticide for 96h, sectioned them, and then exposed the regenerating portions 
for another 72h. We submitted all material to scanning electron microscopy and to different histological/histochemical light 
microscopy techniques. Several changes in the treatment groups were present when compared to the control group. In external 
morphology, the following alterations were noteworthy: malformation and underdevelopment of the blastemas, pores dilation 
in the epidermis and loss of ventral cilia. Our main results regarding histology, histochemistry and cytochemistry were the 
disruption of several tissues, characterized by cytoplasmic changes, such as vacuolation, histochemical and nuclear changes, 
including chromatin marginalization. Thus, we concluded that Malathion, mainly in the lowest concentration tested, has acted 
on reproductive strategies of the tested organism, in addition to promoting necrosis in different tissues.
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INTRODUCTION
Freshwater planarians have been used as biomarkers for 
environmental contamination in several studies, including the 
works of Williams et al. (1986) and of Tehseen et al. (1992). 
More recently, these organisms have been of further interest 
as biological models for stem-cell differentiation, genotoxicity 
and teratogenicity studies, due to their strong regenerative 
potential (Guecheva et al., 2003; Knakievicz et al., 2008; Lowe 
et al., 2015; Ofoegbu et al., 2016). Planarian regeneration can 
be understood either as an asexual reproduction strategy or as 
a response to an injury (see Saló & Agata (2012), for instance). 
Once the regeneration mechanism triggers (Witchley et al., 
2013), one can easily identify the development of a non-
pigmented region, known as blastema. In fact, the blastema 
is rich in both differentiated and undifferentiated cells (i.e., 
neoblasts) (Saló & Baguñà, 1986; Sánchez Alvarado, 2012).
Despite the advances in the field of planarian regeneration, 
most studies are focused in a specific species, Schmidtea 
mediterranea, partially neglecting other potentially 
informative biological models for ecotoxicological assessment. 
One of such species is Girardia tigrina, formerly Dugesia 
tigrina, a free-living, freshwater flatworm, which presents 
the advantage of both sexual and asexual reproduction and of 
relatively simple laboratory maintenance (Álvarez-Presas & 
Riutort, 2014). 
34   Ecotoxicol. Environ. Contam., v. 11, n. 1, 2016 Butturi-Gomes et al.
As Knakievicz (2014) pointed out in a rather recent 
review, histo-cytopathological assays using G. tigrina is 
still a pending study. Thus, we aimed at both describing the 
main morphological and histochemical aspects of healthy 
individuals of said species and evaluating the sublethal effects 
of an overused insecticide, namely Malathion, whose mode of 
action is known to be the inhibition of acetylcholinesterase, 
mainly through dermic contact, disrupting the nervous system 
(USEPA, 2009). At this point, we understand it may be almost 
obnoxious to justify studies with pesticides and, thus, we refer 
to the early works of Parsons & Witt (1989) and of Ongley 
(1996) for a general view of the effects of such chemicals in 
ecosystems and aquatic environments.
MATERIAL AND METHODS
In this study, we used the test organism Girardia tigrina 
(planarian), kept in breeding at Laboratório de Mutagênese, 
Departamento de Biologia, Instituto de Biociências/UNESP, 
Rio Claro, SP, Brazil. The specimens were fed twice a week 
with calf liver, which were acquired in local markets and were 
suitable for human consumption. For the development of the 
experiments, we selected adult individuals only (40-days-
old and ranging from 12 to 15 mm in length). Our culture 
was continuously monitored with regard its sensitivity, both 
before and after our experiments, and had never presented any 
issues with mortality.
The Malathion insecticide (CAS #12175-5) we used in the 
assays refers to the commercial product 50% EC (emulsionable 
concentrate), manufactured in Brazil by Cheminova A/S. This 
product was banned in Europe, but it is still widely used in 
several yielded crops, livestock and in the urban environment of 
many countries, particularly those in South America. Malathion 
is a non-systemic organophosphate chemical, whose formula 
is O,O-dimethyl-S-(1,2-dicarboxyethyl)phosphorodithioate 
(C10H19O6PS2) and, according to Howard (1991), Malathion is 
an insecticide that presents a potential risk when applied near 
aquatic environments, once it is highly toxic to freshwater 
invertebrates (see also PPDB (2016) for more up-to-date topics 
on toxicological aspects and properties of Malathion). For a 
broader view of organophosphates in the environment, we 
refer to the work of Vala Ragnarsdottir (2000).
We assessed two sublethal concentrations of the Malathion 
insecticide, 0.8 and 0.08 mg L-1, which were selected due to 
the results of prior, independent, both acute (24h, 48h, 72h) 
and chronic (7 days), pilot assays. Following such results, we 
used the same temperature and light conditions, respectively 
20ºC and night simulation, within a BOD incubator.
In all treatment groups, we exposed the planarians for 96 
hours to concentrations of Malathion. Our (negative) control 
group was composed by planarians of the breeding herd 
exposed to water samples (i.e., cultivation water). Then, we 
transversely sectioned all individuals in the prepharynx region 
using razor blades and returned them to their original group 
for another 72 hours. 
In the sequence, we subjected all specimens to light 
microscopy and to scanning electron microscopy techniques 
(SEM). For each technique, we used 10 individuals, equally 
distributed in two replicates (half full vessels of 200 mL in total 
volume). All experiments followed a completely random design.
For SEM, we fixed the regenerating portions in Karnovsky 
mixture for 24 h, dehydrated in 70% to 100% of alcohol series, 
followed by two baths in pure acetone for 15 minutes each. 
In order to complete dehydration process, we submitted the 
material to critical point drain. After dehydration, we deposited 
the material on aluminum brackets, subjected to gold sputtering, 
and we finally examined and photodocumented the resulting 
images of a scanning electron microscope (SEM 505). 
In order to carry out the histological, histochemical and 
cytochemical techniques, we fixed the regenerating portions 
in paraformaldehyde (4% in PBS) for 24 hours. Subsequently, 
we placed the samples in a sodium phosphate buffer pH 
7.4 for another 24 hours. We then dehydrated the material 
in increasing concentrations of ethanol baths (70%, 80%, 
90% and 95%) for 15 minutes each. Finally, we embedded 
our material in resin (Leica), included, sectioned at 3 µm of 
thickness, collected the slices on glass slides and proceeded 
according to each different technique.
For histological techniques, we stained the sections 
with hematoxylin (for 10 minutes) and eosin (for 7 
minutes) (Junqueira & Junqueira, 1983). We carried out the 
histochemical techniques: PAS/Alcian blue (pH 2.5) staining 
(Junqueira & Junqueira, 1983) used to detect acid and total 
polysaccharides; and PAS/bromphenol blue (Coello, 1989) to 
detect total polysaccharides and proteins. Lastly, we applied a 
cytochemical technique, known as Feulgen reaction, for DNA 
labeling (Feulgen & Rossenbeck, 1924).
RESULTS
We split our results into short sections for easily referencing 
throughout the text. In the next subsections, we present the 
scanning electron microscopy and the light microscopy 
results, respectively.
Scanning Electron Microscopy (SEM)
In this section, we present the results for the control group 
and the treatment groups, firstly presenting the results for the 
blastema region and then for ventral and dorsal epidermal views.
We observed a well-developed blastema for the 
regenerating portions in the control group (Fig. 1A) and 
morphallaxis occurrence zones (Fig. 1B): differentiated cell 
migration formed a “bridging tissue”, located over the gap 
between the blastema and the posterior portion of the body.
As expected, the ventral epidermis (Fig. 1C-D) of the 
planarian is a cilia-padded surface and, on the other hand, the 
dorsal epidermis to be a comparatively smooth surface (Fig. 1E).
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We noted severe deformation for the individuals exposed 
to 0.08 mg L-1 of Malathion, particularly in regions close gap 
structure (section) and the blastema (Fig. 1F-G). Furthermore, 
over-dilated pores in the ventral epidermis and complete 
absence of cilia (Fig. 1H).
The most notable alterations in the morphology of the 
individuals exposed to the other treatment group (i.e, 0.8 
mg L-1 of Malathion) were a significant reduction in the 
development and size of the blastema (Fig. 1I). Similar to the 
group exposed to 0.08 mg L-1, we observed absence of cilia as 
well (Fig. 1J-K).
Light Microscopy
We organized our histological results for the control group 
as follows: firstly, we present the results for the epidermis 
Figure 1. Scanning electron microscopy of planarians G. tigrina. A-E: control group; F-H: exposed group to 0.08 mg L-1 of Malathion insecticide; I-K: 
exposed group to 0.8 mg L-1 of Malathion insecticide. b and dashed line: blastema region; g: gap; c: cilia; ds: dorsal surface; vs: ventral surface; arrow: 
“bridging tissue”, connecting the posterior region of the body to the blastema, p: pores. Bars: A, F, I = 100 μm; B-E, G-H, J-K = 10 μm.
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and musculature, followed by the results for the parenchyma, 
nerve system and, finally, for the digestive tract. In sequence, 
we present the cytochemical results. The results of said 
techniques for the treatment groups are presented in a similar 
fashion, approaching the histochemical results for all groups 
at once in the end of this section. 
The body surface of the specimens in the control group 
were covered by an epidermis, filled with secretory cells, 
known as rhabdites, and a thin layer of mucus, covering the 
whole body of the planarian. Right below the rhabdites, layers 
of cuboidal and elongated cells were observed (Fig. 2A).
Beneath the epidermal cells, we observed several bundles 
of longitudinal muscles and, in sequence, parenchyma. The 
latter is a tissue where two types of cells were predominant: 
fixed parenchyma cells (Fig. 2B) and goblet cells (Fig. 2C). 
We also found another, undifferentiated cell, the neoblast, 
which are responsible for cell replacement. The nerve bundles 
start from the head and are disposed through the whole body 
of the animal (Fig. 2D).
Figure 2. Histological sections of planarians G. tigrina stained by hematoxylin and eosin. A-F: control group; G-H: exposed group to 0.08 mg L-1 of 
Malathion insecticide; J-M: exposed group to 0.8 mg L-1 of Malathion insecticide. cc: cuboidal cell; ec: elongated cell; ga: gastrodermal cell; gc: goblet cell; 
lu: lumen; m: muscles; nb: neoblasts; nc: nerve cords; fp: fixed parenchyma cells; pg: pigmentation cell; r: rhabdite. * cells facing the lumen. Bars: A-D,F-M 
= 300 μm; E = 500 μm.
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Figure 3. Histological sections of the planarian G. tigrina using the Feulgen reaction technique. A-E: control group; F-G: exposed group to 0.08 mg 
L-1 of Malathion insecticide; H-J: exposed group to 0.8 mg L-1 of Malathion insecticide. e: epidermis; nc: nerve cords; p: parenchyma; arrows: chromatin 
marginalization process. Bars: A-J = 100 μm.
The fixed parenchymal cells have irregular shapes, with 
basophilic granules filling their cytoplasm. In the cytoplasm 
of said cells, there were structures larger than the granules, 
not marked by the applied staining techniques (Fig. 2B). The 
goblet cells have a thin layer of cytoplasm filled with granules 
not stained by neither hematoxylin nor eosin (Fig. 2C). The 
neoblasts are rounded cells, which possess a large nucleus 
immersed in a reduced cytoplasm (Fig. 2D). Also represented 
in Figure 2D, there were nerve bundles, corresponding to 
the extensions of the neurons present in the animals’ heads. 
These bundles have two distinct regions, the central part, 
fairly stained by hematoxylin, and the peripheral part, mostly 
stained by eosin. 
The digestive tract was another tissue we observed and, for 
the individuals in the control group, we could clearly identify 
two distinct layers of cells: (a) the layer facing the lumen, 
a thin structure, comprised by cells without any observable 
distinct bounds; and (b) a thick layer of secreting cells, 
namely gastrodermal cells. The latter have a half-moon shape 
and display a cytoplasm filled with basophilic and acidophilic 
granules, in addition to larger granules not stained by neither 
hematoxylin nor eosin (Fig. 2E-F).
In Figure 3, we observed different cell nuclei, belonging 
respectively to epidermis elongated and cuboidal cells (Fig. 
3A-B), parenchyma cells (Fig. 3C-D) and the nerve cells (Fig. 
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3E). All of these nuclei were in interphase and did not show 
any sign of DNA damage.
We did not find changes in the epidermis for the specimens 
in the group exposed to 0.08 mg L-1 compared to the control 
group. However, there has been a severe alteration in the 
muscle tissue, demonstrating tissue disorganization (Fig. 2G). 
Similarly, the parenchyma was completely disorganized, such 
that we could barely identify the typical cell types, due to 
severe loss of their morphological characteristics. We did not 
observe the gut for this group.
The cell nuclei of the planarians in this treatment group 
had no response compared to the control group (Fig. 3F-G).
The characteristics of the epidermis of the individuals 
exposed to 0.8 mg L-1 of Malathion were similar to the control 
group, though a few exceptions were found for the mucus 
layer, in which we detected a slight increase, and for the 
disorganization o muscle tissue (Fig. 2J).
We also found generalized disorganization in the 
parenchyma, from which there were only cellular debris (Fig. 
2K), proliferation of neoblasts and changes in nerve cords. 
The latter lost their peripheral region with their central region 
remaining intact (Fig. 2L).
The gastrodermal cells lost their morphological 
characteristics and their identification was only possible due 
to their adjacent position to the lumen (Fig. 2M).
We noticed an increase in pyknotic nuclei and peripheral 
degeneration of the nerve cords for all individuals in this 
treatment group (Fig. 3H-J).
Our histochemical results found for all groups, organized 
by tissue/cell, are displayed in Table 1 and can be checked in 
Figures 4 and 5.
DISCUSSION
Although we could not directly observe either morphallaxis 
(migration of differentiated cells) or epimorphosis (proliferation 
of undifferentiated cells), our SEM samples had patterns pointing 
out to such processes. Thus, we inferred that morphallaxis 
occurs manly in the central region and epimorphosis most 
likely occurs crosswise. An extensive discussion on this issue 
is presented by Reddien & Sánchez Alvarado (2004), although 
they have applied light microscopy techniques.
Our SEM data obtained for the treatment groups showed 
morphological differences when compared to the control 
group. This happened in all treated individuals, particularly 
in the region of the blastema. Furthermore, the epidermis of 
treated individuals had an increase both in number and in size 
of pores and complete absence of cilia in the ventral region.
Such changes for both groups exposed to concentrations 
of Malathion have possibly occurred due to: (i) the insecticide 
could have induced an increase in the production of mucus, 
which caused a dilation of the pores, since planarian mucus 
has immunological properties, further aiding the regenerative 
process; (ii) the product altered the cell division process, 
therefore interposing the development of blastema; or (iii) 
the chemical has promoted cell death in migration process, 
thereby interfering in the organism regeneration.
We observed the presence of several types of differentiated 
cells in the histological results for the control group, distributed 
among tissues. These data are corroborated by the studies of 
Baguñà & Romero (1981) and of Bueno et al. (1997), who 
have reported the presence of these same cells in planarians. 
Although we did detect neoblasts in non-injured tissues (i.e., 
outside of the blastema), we could not distinguish between 
the two types of these pluripotent cells described by Tiras & 
Aslanidi (2016)  for G. tigrina.
It is noteworthy that, for every technique we applied in this 
study, the exposed groups to the insecticide Malathion showed 
severe tissue changes compared to control group, indicating 
a high degree of impairment that this product promotes in 
exposed organisms, thereby, reinforcing the property of some 
insecticides to contaminate the environment (Howard, 1991). 
We shall discuss some implications of this fact below.
Through the hematoxylin-eosin staining technique, we 
observed numerous cellular changes for both evaluated 
concentrations, mostly related to cell death processes, 
including both extensive cytoplasmic vacuolation and nuclear 
degradation, which supports our results based on the Feulgen 
reaction. Although the formation of double-membrane vacuoles 
is an expected process in planarians under environmental 
stress, both cytoplasmic and nuclear changes we observed 
are characteristics of the presence of necrotic process (Zakeri 
& Ahuja, 1997; Krysko et al., 2008) caused by the action of 
Malathion, rather than basal autophagy (González-Estévez & 
Saló, 2010). Our data also corroborate the results of Miranda 
et al. (2008), who observed the development of necrosis by 
the action of pesticides in a kind of freshwater fish, namely 
H. malabaricus.
Regarding the histochemical changes in the epidermis, 
there was a gradual decrease, from the control group to the 
highest concentration of the insecticide in the markings of total 
and acid polysaccharides and proteins of rhabdites. Although 
we observed a significant increase in production of mucus 
in the concentration of 0.8 mg L-1 of Malathion, protein and 
polysaccharide compounds showed lower intensity staining 
when compared to the control group.
On the other hand, we noticed stronger reactions for 
total proteins in elongated and cuboidal cells with Malathion 
concentration increase, possibly due to protein synthetization 
involved in either cell death or cell detoxification –one 
would expect such effect in a contaminated environment for 
both processes. Since there was a gradual decrease of the 
reaction intensity for polysaccharides with the insecticide 
concentration, there had been a reduction in synthesis activity 
of substances containing these components.
We observed gradual decrease of polysaccharides in 
the musculature of individuals, from the control group 
up to the highest concentration of the tested product. The 
strong reaction to PAS we observed for the control group 
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Control Concentrations (mg L-1)
Malathion 0.08 Malathion 0.8
AB BB PAS AB BB PAS AB BB PAS
Tissues Cell Types
Epidermis









+ (Fig. 4I); ++ (Fig. 5G);
+ (Fig. 4I 
and 5G);
Cuboidal + (Fig. 4 A-B); + (Fig. 5A);
+++ (Fig. 4A-
E  and 5A-C);
+ (Fig. 4F); ++ (Fig. 5D);
++ (Fig. 4F and 
5D);
+ (Fig. 4I); ++ (Fig. 5G);
+ (Fig. 4I 
and 5G);





++ (Fig. 4F); +++ (Fig. 5D);
++ (Fig. 4F);
+ (Fig. 5D);
+ (Fig. 4I); ++ (Fig. 5G);
+ (Fig. 4I 
and 5G);














- (Fig. 4F); +++ (Fig. 5F);
+++ (Fig. 4F);  
++ (Fig. 5F);
- (Fig. 4J); + (Fig. 5G);
+++ (Fig. 4J 
and 5G);


















Gut Gastrodermal +++ (Fig. 4D); #; +++ (Fig. 4D); #;
+++ (Fig. 5G);
++ (Fig. 5G);
#; #; #; #;
Table 1. Histochemistry resulsts of the G. tigrina cell types, exposed and non-exposed to Malathion insecticide. AB: Alcian blue technique; BB: 
bromophenol blue technique; PAS: PAS technique; (+) weak positive reaction; (++) medium positive reaction; (+++) strong positive reaction; (-) negative 
reaction; #: not observed.
is completely expected, once muscles usually accumulate 
glycogen (Junqueira & Carneiro, 2008). Thus, the subsequent 
decrease in the reaction intensity points out to degenerative 
effects of substance over the muscle tissue and its cells, which 
is consistent with the results of Witchley et al. (2013), who 
found the muscle cells to be partly responsible in triggering 
planarian regeneration, further explaining the underdeveloped 
blastema in the treatment groups.
Concerning the parenchyma, we noted significant 
disorganization as a result of intense vacuolation. Such severe 
alteration led to difficulties in identifying the different cell 
types and, despite the degenerative process of this tissue, we 
could at least observe the proliferation of neoblasts. The few 
fixed parenchymal cells that we could clearly identify showed 
an increase in total polysaccharides and protein constituents. 
We noticed stronger protein staining in the treatment group 
compared to the control group, a process that can be explained 
by an increase of enzymatic reactions related to detoxification 
or to hydrolytic enzymes (acid phosphatases), which, in turn, 
are connected to the destruction of the cytoplasm (Clarke, 
1990; Cummings & Bowen, 1992; Bowen, 1993; Zakeri et 
al., 1995; Lockshin & Zakeri, 1996; Gregorc et al., 1998; 
Furquim et al., 2008).
The changes in goblet cells, mostly hypertrophy and 
continuous increase of reaction strength for both total and 
acid polysaccharides, likely occurred due to the high activity 
of mucus production, which is responsible for protecting 
the animal to exogenous agents. Conversely, at lower 
concentrations, Malathion promoted generalized damage to the 
digestive tract, including destruction and degenerative changes 
of the gastrodermis and decrease of brush border cells.
On the one hand, we observed that the lowest concentration 
of Malathion caused greater cell damage, which may be 
related to greater cell permeability for lower concentrations. 
This reasoning has also been used in the studies of Pedro 
(2008), who applied several different methods to evaluate the 
genotoxic and mutagenic effects of Fipronil insecticide. On 
the other hand, the highest concentration of the insecticide we 
investigated proved to produce greater environmental stress 
responses.
In either case, one may argue on the relevance of using 
histological techniques for ecotoxicological assessment in 
general, since there so many simpler, faster methods available 
(e.g., enzyme-specific and DNA labeling techniques). The 
short answer for this line of reasoning lies on the complexity 
of the field of study itself: there is not a single method neither 
there is a unique biological model that will thoroughly describe 
the toxicological effects of a given substance, mixture or 
environmental sample. Nevertheless, we were specifically 
interested in which cell types became compromised, possibly 
impairing planarian regeneration; thus, histology is perhaps 
the most suitable method to address.
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Finally, in the broadest sense, one could take our methods 
to apply for risk and environmental quality assessments using 
G. tigrina, since, to the best of our knowledge, this is a pioneer 
study to approach Ecotoxicology and histological analysis for 
said species altogether. In this context, we must mention the 
work of Brubacher et al. (2014), who developed a protocol 
using Schmidtea mediterranea, which is another planarian 
species, popular in regeneration research.
CONCLUSIONS
By applying different techniques for Scanning Electron 
Microscopy (SEM) and light microscopy, we found 
significant changes in the cells and tissues of G. tigrina 
caused by the exposition to the Malathion insecticide. We 
understand these changes are related to the action of the 
Figure 4. Histological sections of planarians G. tigrina stained by PAS/alcian blue conjugate technique. A-E: control group; F-H: exposed group to 
0.08 mg L-1 of Malathion insecticide; I-L: exposed group to 0.8 mg L-1 of Malathion insecticide. e: epidermis; gc: goblet cell; lu: lúmen; m: muscles; nc: 
nerve cords; nb: neoblasts; p: parenchyma; fp: fixed parenchyma cell; pg: pigmentation cell. Bars: A-L = 300 μm. Note the hypertrophy of goblet cells.
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product and manly refer to: 1. interference in regenerative 
capability of planarians; 2. induction of cell death process 
characterized by cytoplasmic (formation of extensive 
vacuolation) and nuclear changes, which resulted in 
total disruption of tissues, mainly in the parenchyma; 3. 
alteration of cellular processes in different tissues, related 
to the synthesis of glycoprotein components; and 4. stimuli 
increasing mucus production in the cells of the epidermis 
(rhabdites) and parenchyma (goblet cells), as a way of 
protection against the action of the toxic compound. In 
summary, the action of Malathion insecticide promotes 
metabolic alterations of G. tigrina, intervening in its 
regeneration capacity, promoting cellular death and nuclear 
changes in different tissues. 
Using G. tigrina as a biological model, we clearly found 
that Malathion insecticide produces severe effects on non-
target organisms. Indeed, we noted through cellular changes 
and deformations of blastema, which is an impairment of 
reproductive and regenerative capacity of said organism. 
Our results should raise further awareness of environmental 
contamination, once disposed chemicals in the environment 
may suffer successive dilutions, promoting contamination by 
low concentrations, many of them more bioactive. Therefore, 
we understand establishing stringent rules against substance 
abuse is paramount, particularly in countries where this 
insecticide is widely used.
Although histological and histochemical techniques 
are information-rich, perhaps it is wise to choose one or 
two typical markers that will be suitable for future, similar 
experiments. Thus, we shall recommend the evaluation of 
fixed parenchyma cells stained by hematoxylin-eosin, since 
these cells are the most abundant and the easiest to identify, 
even for an untrained eye; and the fact that the hematoxylin-
eosin staining technique is arguably the most widely available 
and well-understood histological method, which proved to be 
useful to identify tissue damage in G. tigrina.
Figure 5. Histological sections of planarians G. tigrina stained by PAS/bromophenol blue conjugate technique. A-C control group; D-F: exposed 
group to 0.08 mg L-1 of Malathion insecticide; G-I: exposed group to 0.8 mg L-1 of Malathion insecticide. cc: cuboidal cell; ec: elongated cell; e: epidermis; 
ga: gastrodermal cell; gc: goblet cell; lu: lumen; m: muscles; nc: nerve cords; p: parenchyma; fp: fixed parenchyma cell. Bars: A-I = 300 μm. Note the 
hypertrophy of goblet cells.
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